Electro-Motor Stimulation Research Methodology and Reporting: A Need for Standardization  by SINGER, KEVIN P. et al.
Electro..Motor Stimulation Research Methodology and
Reporting: A Need for Standardi.zation
The interest inelectro-matorstimulation as
a strengthening modality has prompted many
recent studies. Unfortunately, ambiguity rather
than clear directions far future research and
clinical practice have emerged. Problems are
identified with strength testing methods,and in
non-standardized training programmes and
stimulas parameters, suggesting the need for
t;
minimLim .requlrements when reporting these
studies. It is hoped that suggestions presented
in this paper will result in more careful research
designs, improved inter-study comparison and
more appropriate clinical protocols.
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The recent upsurge of interest con-
cerningthe use of electro-motor stimu-
lation (EMS) to improve muscle func..
tion, has led to a proliferation of
research papers evaluating the role of
this modality in contemporary physio-
therapy practice. However, methodo-
logical problems have limited inter...
study comparison and have therefore
produced ambiguity rather than clear
guidelines for clinical application. Part
of this confusion has arisen from stud-
ies involving the normal individual, as
greater potential for improving motor
function has been demonstrated from
the clinical investigations of EMS (see
the recent review by Lloyd et of 1986)..
It is not our intention here to discuss
the broader aspects of muscle physi-
ology. Factors such as biomechanics
(Komi 1984), muscle fibre composition
and motor unit specificity (Howald
1982, Edstrom and Grimby 1986), en...
zyme activity (Thorstensson 1976),
muscle temperature (Marsden et al
1983), fatigue (Bigland-Ritchie 1982),
muscle plasticity (Salmons and Hen-
riksson 1981) and neural aspects (De
Luca 1979, Singer 1986), all have an
important bearing on an understanding
of muscle performance. Researchers are
urged to consider the influence that
these and other factors would have in
relation to their work.
The main purpose of this paper is
to evaluate some of the technical de..
ficiencies evident in the EMS literature
~and .recommend minimum require-
mentswhen reporting muscle strength
testing, the stimulus parameters and
the design of training programmes. The
objective is to provide a guide toward
more appropriate protocols for further
research and clinical practice. The
theme of reliability testing has rele-'
vance to .many areas of physiotherapy
research and it is hoped that this paper
will be a useful source for other in-
vestigators.
EMS Methodology
The following section discusses the
important information when reporting
EMS studies as a guide for researchers
wishing to replicate a design or simply
to compare results. These aspects are
also summarized in tabular form and
an example provided.
Subjects
The choice of subjects and their ran-
domallocation into treatment or con-
trolgroups requires careful fore-
thought. Inclusion and exclusion
criteria should be defined in addition
to other study delimitations, for ex...
ample the pre-training state of the sub-
jects or the clinical variations inpatient
histories. A problem inherent in some
EMS studies involves the use of sample
sizes that are marginal for containing
experimental error, leading to the risk
of retaining a false hypothesis (Type II
error) (Keppel 1982). There is an ob..
vious need to employ larger samples
before valid conclusions maybe
reached concerning the efficacy of var-
ious stimulators and specific para-
meters. The minimum sample size to
provide adequate statistical power for
demonstrating differences in the base-
line measurement(s) should be deter-
mined before instituting the study (Kirk
1968). An example of this procedure
is provided in the Appendix. It should
be remembered that individual differ-
enceswill account for part of the wide
variability in response to EMS (De 00-
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Table: Recommended minimum description of the subjects,
equipment, stimulus and training parameters adopted for EMS
studies.
Example
Example of Methodology Reporting for a Training Study and the Associated EMS
Details
Subjects
Fifteen male subjects (mean age 34 years, SD± 5.3) who had sustained
unilateral knee joint injury over the last· 10 years were selected for a training
menico and Strauss 1986); this is one
important reason for using adequate
sample sizes.
The majority of studies to datere-
port data from normal male subjects,
often from a relatively narrow age
range. While Faheyet al (1985) re..
port~d no essential difference in re-
sponse.. to EMS between sexes, an al..
most 'ttwofold increase in force
production distinguished the female
subjects from the males. This result
should encourage researchers to con-
sider wider samples in respect of age
and sex in an effort to provide more
appropriate guidelines.
Equipment and Stimulus Parameters
A wide variety of commercially
manufactured stimulators are avail-
able, many withflXedstimulus para-
meter settings and others that .permit
adjustments. The manufacturer us~ally
presents the factory settings of each
parameter, commonly in terms of the
stimulus wave characteristics (shape),
amplitude or intensity range (oftenre-
corded across a resistor whichapprox-
imates skin resistance ie 1000 Ohms),
the pulse duration (ms), pulse fre-
quency (Hz), surge characterstics and
the inter-pulse duration (ms) [see Ta..
ble]. The equipment used should be
adequately described in terms of the
model name and number, manufac-
turer and distributor,as an aid for
researchers or elinicians who maybe
interested in obtainingadditional.spec..
ifications, availability and costing.
Where possible, the stimulator
should be calibrated before use to en-
sure consistency with selected para-
meter settings . Electrode type and
manufacture should also be described
as this has an important bearing on the
efficacy of stimulation (Nelson et al
1980). The size and placement ofelec..
trodes in relation to muscle surface area
is anQther factor.that Alon (1985), Cox
et al (1986) and De Domenico and
Strauss (1986) have indicated to be im-
portant in producing an effective mus-
clecontraction. Photographs or figures
Subject .Data
Age,Sex
Height, weight
Inclusion,exclusion criteria
Control vs experimental
group
Trained state
Sample size
Equipment
Stimulator description
Electrodes
Conduction medium
Measurement device(s)
ReHability of test device
Stimulator reliability
Stimulus Parameters
Stimulus shape
Pulse duration
Inter-pulse interval
Frequency
Ratio OnlOff (Surge)
Ramp time (Surge)
Stimulation intensity
Training parameters
Pre-test assessments
Criterion .measure
Subject's test position
Time span of training
Number of training sessions
Number of assessments
Treatment duration
Total stimulation/session
Training intensity
Post-test assessment
Information Required (For example)
Descriptive statistics (mean, range
SO ... )
As above
Age, Sex, Population, Injured vs
normal ...
Attempts to match groups, random
allocation ...
Level of training ie active vs
sedentary ....
Calculation of sample (1 .. J3) (see
appendix)
Manufacturer,Distributor, Model No,
Address.
Size, type, attachment ... {Photograph
in situ]
Type iecommercialgel, saline
solution ...
Manufacturer, Distributor, Model No,
Address.
Calibration routine adopted
Calibration tests ieoutput, Hz, pulse
duration ...
Wave form [Diagram]
Either inmiHi seconds (ms)or micro
seconds (Ils)
As above
Hz., (specify the carrier frequency Jf
Interferential)
Ratio for the 'on' time to 'off' time
(seconds)
Time to peak output and from peak to
zero charge
Maximally tolerated, or %MVC
Number ofpre4ests, le3 sessions, 5
days apart,
How was a reliable measure derived
Demonstrated with figure or
photograph
Study duration ie six weeks
Training repetition ie twice a week, or
daily ...
Time interval between tests ieweekly
Period of each treatment session ie. 20
mins.
Total time, or number of contractions
MTC, or % of MVC[standardloador
progressive]
Single or repeatedmeasure(s)
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RESPOND II Ci>
0.3 ms
0.025 ms
STIMULUS PARAMETERS
SHAPE: Asymmetric spike pulse
FREQUENCY: 35Hz
PULSE DURATION: O.3ms
INTER-PULSE: O.025ms
ON/OFFRATIO: 6:8 seconds
RAMP (Surge): First 2 seconds
Figure 1: Training position adopted by
the subject demonstrating location 'of
stimulating electrodes over m. quadri-
cepsfemoris with the superior elec-
trode adjacent to the femoral triangle
and the distal el~ctrode'5cm above the
patella.
Figure 2: Stimulus wave shape charac-
teristics for the RESPOND II EMS unit.
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study involving daily EMS over one month. Subjects were excluded from this trial
if they described joint pain during preliminary maximal voluntary isometric con-
traction ,(MVIC) testing of their affected quadriceps or if they had 'undergone joint
reconstruction surgery. Relatively inactive subjects were chosen as opposed to
those currently active in sport. The sample size (N = 15) was calculated to provide
adequate power to reject a false hypothesis (for alpha = 0.01, 1-(3=0.968) (see
Appendix).
Equipment
A Respond II neuromuscularstimulator (Model No 3128,Medtronic Australasia,
22 Clarke St, Crows Nest;NSW2065) was used to provide twice daily stimulation
(20 minutes) to the affected quadriceps. Two 5 x10cm carbon-rubber electrodes
atop moistened sponged (pre~immersed in1 % saline) were used; one placed5cm
above the patella and the other situated in the region of the femoral triangle
(Figure 1). The test equipment used for measuring the maximal static knee
extension efforts consisted of a constant force hydraulic dynamometer[Rotagym,
Schumak Industries, NaracooteSA 5271]. The device was checked for reliability
before each test session using calibration weights. Force signals recorded were
converted toa measure of knee Joint torque (Nm).
Stimulus parameters
The stimulator delivered an asymmetric balanced modified spike pulse, with a
frequency of 35Hz and a pulse duration of O.3ms(Figure 2). Theinterpulse duration
was O.025ms and the on/off ratio set for 6:8 seconds, ramped for the first two
seconds. This provided a total stimulus time of approximately 7 minutes of each
20 minute treatment, a format chosen to replicate an intensive MVIC training
programme. The amplitude was adjusted by each subject toelieit a comfortable,
near-maximal contraction without voluntary assistance to thestimulation~
Training parameters
The test procedures were carefUlly explained and maximal effort was requested
without coercion. Three pre-test sessions were held one week apart,conducted
at the same time of day on all occasions. These assessments produced a non-
significant difference between maximum values from the latter two trials (t-test,
p>O.05), demonstrating satisfactory reliability (Pearson's correlation, r= .19,
p<O.005). To improve accuracy, data from the final pre-test was accepted as the
criterion measure for voluntary force production. Subjects were restrained in
position on the dynamometer with a single lap belt, their hips and knees at
approximately 110 0 and 90 o respec-
tively (Figure 3). From this starting po-
sition, the test limb was moved through
to the criterion knee Joint angle (60° of
knee joint flexion) from which a brief (3
second),MVIC was elicited against the
force arm.
As EMS training was conducted at
home,a training diary was completed
and described: intensity setting, type
of contraction achieved and comments
reflecti ng any problems experienced.
Subjects were instructed to adopt a
comfortable sitting position with the
stimulated leg restrained semiflexed by
the contralateral teg;iri this way the
EMS training position approximated the
MVIC test position. Functional changes
in voluntary force production were as-
sessed with weekly re--testsinvolving a
minimum of four MV1C trials (two min-
utes apart to minimize effects of fa-
tigue) to establish the highest value
(N.m)on each test occasion and for the
two post-tests. A final follow-upevalu-
ation was conducted one month later
Figure 3: Test position adopted by the to ascertain latent effects of this con-
subject during the MVCassessment. ditioning programme.
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of electrode arrangements should also
be provided to assist replication.
Establishing Reliable Criterion
Measures
It is of concern to note the number
of reports which appear to ignore the
respected tenets of research design
when~~porting methodological details,
particularly in relation to the deter-
mination of changes in motor perform-
ance. The·majority of researchers adopt
astatic maximal voluntary contraction
(MVe) test to ·measure the condition-
ing effects of· the stimulation, partic-
ularlyas EMS simulates a static rather
than a dynamic training condition (Cox
et af 1986). The option of measuring
maximally evoked tension levels in-
duced by EMS may not be entirely
appropriate as this technique suffers
from even greater variation due to pos-
sible protective musclecontractiorl,es-
pecially if the stimulation becomes
painful [unpublished observations].
While there are intrinsic difficulties
in establishing a reliable indicator of
muscle strength due to changes inmo-
tivationandneuromuscular activation
states, it would seem reasonable to ex-
pect that researchers follow ·the basic
precaution of repeating the pre-tests to
achieve statistically reliable measure-
ments. This serves the fundamental "
purpose of familiarizing the subjects/
patients to the test procedures and as-
sesses the consistency of their perform-
ance before implementing the training
programme. The decision to select the
highest versus the average score for
purposes of reaching a criterion meas-
ure should also be justified (Kroll 1967).
Many studies merely report the mean
or highest muscle force measurement
from a 'one off' trial, before intro-
ducing an experimental condition (eg
strength training) that may produce a
result simply through familiarization
with the test process (Schenck and For..
ward 1965). An example of this ap-
proach is evident in the report by Sel-
kowitz (1985) who described a single
pre-test session for all subjects from
which the mean of their MVC'swas
selected. When tested after the Jour
week training period, the control group
had produced an .18 per cent improve-
ment over their initial performance, a
factor that might suggest that the train..
ing group achieved markedly less in-
fluence from EMS than the stated.44
percent increase in MVC. Therefore,
defining a reliable criterion of muscle
strength before initiating training is an
important goat in research of·this type.
Equally, the concluding .measure of
performance should be repeated for re-
liability.
For a discussion on the problems
inherent in testing neurC'motor strength
characteristics readers should consult
the studies of Ikai and Steinhaus (1961),
Kroll (1967, 1970), and Westers (1982).
The preliminary assessments used to
establish the criterion measure(s) need
to be carefully executed to familiarize
the subject with the test methodology,
then repeated across time (weeks) to
ensure consistency. Failure to do this
introduces the problem of differentiat-
ing between the training programme
influence and improvements in motor
skills associated with the test(s). The
value ofa control group is evident in
studies of this nature,as changes in
their performance can be contrasted
against the experimental groups.
Instructions and Test Protocol
Consistency in instructions before
and during testing should be empha-
sized as artifacts in performance can
occur if extraneous commands are pro-
vided or coercion used (Peacock et aJ
1981). It is advisable to print out all
the important test instructions and
draw the attention of subjects to them
on each occasion as an aid torepli-
eating a consistent effort. Subjectmo-
tivation and compliance are improved
if they have access to a concise sum..
mary of the objectives of the study;
this should be clearly explained in the
study consent document.
Positioning
The subject positioning, adopted for
testing and training, should be clearly
described preferably with the use of a
diagram or photograph. Differences in
muscle strength are achieved through
various positioning and restraint de-
vices (Currier 1979), therefore these
considerations need to be described and
reliability established.
Training Parameters
The training programme should be
stated in terms of the study duration
and total number of sessions admin-
istered. From the treatment duration it
should be possible to determine the
total stimulation time. This may be
described as the ratio of on/off time
and, where used, the ramp time before
maximum current is delivered should
be indicated (see example with Table).
Training intensity is another consid..
eration that requires description. Is. the
subject exercising at maximally toler-
ated stimulation intensities or is a per-
centage of the maximum voluntary
contractile force used as the training
level? Is the subject to assist the stimu-
lation or remain passive? If the latter,
is this assessed with electromyography
or an alternative technique? Are there
changes to the intensity level over the
time course of the programme (ie ad-
justed values), or is this held constant
(ie absolute value from pre-test)?
The relationships between the im-
parted electrical energy and muscle ten-
sion have not been fully described in
the rehabilitation literature.. Reports of
current amplitude or applied voltage
may be misleading as there is great
variability in force produced in differ-
ent subjects at a constant output due
to changes in skin impedance, conduc-
tionbetween the electrode/tissues and
also the electrode positioning (Nelson
et af 1980).
The table provided describes the
minimum information that should be
reported in a study involving EMS. The
adoption of a standard nomenclature
(eg SJ.Units) will assist other workers
and in general, the aim should be to
provide as much. information as is rel-
evant to each study.
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Discussion
The effect of the electrical energy
delivered into the tissues is dependent
upon both the stimulus characteristics
(pulse duration, wave shape, fre-
quency, surge ratio and amplitude) and
individual subject response. It is not
surpriSing then that studies report dif-
f '\ h··erent r~sponses to t e varIOUS stImu-
lators used (Walmsley etaf1983, Kra-
mer et af 1984, De Domenico and
Strauss 1986). These differences are a
function of compliance with thestimu-
lation (comfort) and also a reflection
of the actual energy imparted into the
tissues, the muscle group and predom-
inant fibre type, pre~training strength,
muscle fatigue, and other neuromus-
cular components.
Differences also occur when com-
paring medium with low frequency
stimulators. -The interferential stimu-
lators typically employ a medium 'fre-
quency carrier signal which isampli-
tude modulated at low.frequencies, an
aspect that appears confused in some
reports. It is the duty cycle (on/off
ratio) that is of importance when con-
sidering the differences between devices
and not the variety of guises by which
current is passed to the electrodes. Ste"
phanovska and Vodovnik (1985) com-
pared low versus medium frequency
stimulation formats and reported a
greater increase in voluntary muscle
force production from the subjects us-
ing the low frequency generator, ie 25
per cent versus 13 percent (pre-test
reliability data not provided). This re-
sult occurred despite the almost forty-
fold greater energy/time input pro-
duced with the medium frequency (MF)
device. The strength gains reported
were achieved from very low intensity
stimulation; only 5 per cent of the sub-
ject's pre-test maximal voluntary con-
tractile force. If this trend is an ac-
curate indication of the conditioning
effect of EMS then it may be necessary
to re-evaluate the necessity to deliver
maximally tolerated current. This is one
aspect of EMS research that· requires
further study to determine the efficacy
of various stimulation levels.
Generalizing from results obtained
with low sample numbers should be
avoided. Further problems arise when
data are extrapolated for other muscle
groups. Ina recent paper by Davies et
al (1985) the training effect of volun-
tary isometric contractions of the first
dorsal int~rosseousmuscleof the hand
(subjects N == 7) was contrasted with
EMS {N::::: 3). These authors found no
increase inmaxfmum ·voluntary force
production for the electrically stimu-
lated group, nor any increase in the
electrically evoked tension levels. This
result suggested to these investigators
that EMS was not as useful as volun-
tarystrength training to achieve .in-
creases in voluntary muscular force
production. However, as no reliability
testing of the criterion measure (MVC)
was reported (best of 3-5 MVCs), fa-
miliarizationwith the tests and exercise
procedures may have accounted for
part of the training response (Schenck
and Forward 1965). In addition, this
trend from stimulating the dorsal in-
terosseous .muscle in the hand does not
appear to extend across other muscle
groups which have been more exten-
sively studied, for example m.quad-
rieeps femoris (Lloyd etaf1986).
Wide differences in study design are
evident when attempting to compare
~results across training studies. For ex-
ample Gould .et aJ (1983) used EMS
post-operatively with patients who
underwent open arthrotomy to remove
a torn meniscus. Stimulation to the
affected quadriceps was provided daily
for 2 weeks with up to 16 hours of
cycled EMS/day. In contrast, the typ-
ical training dose per session for many
other EMS training studies has been
15-30 minutes (see Lloyd et af 1986).
Therefore the optimal input time to
achieve therapeutic results should ' be
carefully investigated as the present
treatment prescriptions may be too
general.
The paucity of information on reli-
ability testing, sample sizes and other
aspects of study planning, have pro-
duced results that may not be a sen-
sitiveindication of the potential of this
modality. The efficacy of various stim-
ulators and stimulation characteristics
may only begin to be contemplated
when the electrical energy delivered into
the tissues is quantified and standard-
ized testing methods adopted. Careful
research is needed to define the optimal
stimulus parameters necessary for
functional improvements in neuromo-
tor disorders, bearing in mind the spec..
ificity of the lesion and the need to
consider individual approaches. It ap-
pears that EMS is·a useful tool to the
physiotherapist, but one that will re-
quire on-going study to determine the
most effective clinical protocols for
musculoskeletal and neurological con-
ditions. We have suggested the mini-
mum requirements for reporting EMS
studies in an effort to encourage more
exacting descriptions of reliability test-
ing, stimulation protocols and training
programmes adopted by researchers.
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